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Annotation. Background & Aims: Sleep is a restorative process for the immune system. There are many situations in 
which sleep is disturbed prior to an athletic event. However, the effect of sleep deprivation on immune indices in 
response to exercise remains unknown. The aim of this study was to investigate the effects of sleep deprivation on 
serum IgG responses to aerobic activity.  Materials & Methods: In this quasi-experimental study, 10 male physical 
education  students  were  voluntarily  participated.  Study  was  performed  in  two  separate  occasions;  control  and 
experimental within two weeks. In the control occasion, normal sleep and aerobic activity and in the experimental 
occasion, sleep deprivation and aerobic activity was applied. Aerobic activity was performed on bicycle ergometer for 
30 minutes at intensity of 70 to 75 percent of maximum heart rate. Changes in serum IgG concentrations in pre-test, 
before and after aerobic activity in both occasions were analyzed by the two repeated measures ANOVA and dependent 
T-test using SPSS software. Results: The results showed that sleep deprivation not significantly effect on Serum IgG 
response  to  aerobic  activity  (p=0.130).  Also,  aerobic  activity  not  significantly  effect  on  Serum  IgG  concentration 
(p=0.357). But sleep deprivation caused a significantly increase in serum IgG concentration (p=0.035). Conclusion: No 
significant effect of sleep deprivation on serum IgG concentrations response to aerobic activity. 
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Introduction
1  
Sleep loss can have profound effects not only on supports immune function but upon human performance [5, 6, 
20, 22, 40].  Many studies indicate that sleep deprivation disrupts cellular immunity [3, 7, 8, 12, 14, 27, 35]. The 
changes in sleep time across the circadian pattern. Such as during shift work [1, 11, 28] or air travel (jet-lag syndrome 
resulting from changing time zones) [41]. As seen in study of Gleeson et al (2007), missing one night of sleep is not 
uncommon amongst athletes travelling across time zones, recreational athletes with nocturnal work habits and military 
personnel during training and operations [9]. Several factors such as type, duration, intensity, and program of exercise 
have also important effects on immune response to exercise [32]. Karacabey et al (2005) showed that aerobic exercise 
led to changes in immunoglobulin’s associated to elevated level of cortisol hormone level [18]. Also, not only in the 
recent studies of human subjects didn't showed exact mechanism of affecting systemic immunity by sleep or sleep 
deprivation but also the exercises and Sleep deprivation related studies that have examined changes in immunoglobulin 
responses are in conflict. Some studies have shown decreases or no change [7, 10, 14, 23, 24, 33, 35]; some have shown 
increases [13, 30, 34, and 36]. Therefore, the aim of this study was determine the effect of sleep deprivation on serum 
IgG responses to aerobic activity in college student athletes. 
Materials and Methods 
Participants:  The  subjects  were  selected  randomly  among  college  student  athletes  who  have  been  training 
aerobic activities three times a week for 90 minutes each for at least 2 years and volunteered to participate in this study. 
They  gave  written informed  consent before participating in this investigation and  met  the following criteria: none 
smoking;  healthy  and  free  of  active  infection  and  symptoms;  medication-free;  no  medical  history.  Descriptive 
characteristics of the subjects such as weight, body mass index and body fat percentage analysis by using a body 
composition analysis (ZEUS 9.9, making South Korea). Descriptive characteristics of the subjects are presented in  
Table 1. 
Descriptive characteristics of the subjects 
  Mean  S.D  Min  Max 
Age (year)  21/60  1/07  20/00  24/00 
Height (cm)  177/5  6/55  169/00  192/00 
Weight (kg)  69/98  7/39  54/50  78/10 
BMI (kg/m
2)  22/22  2/00  19/10  25/00 
Body fat (%)  10/95  3/58  6/60  16/40 
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Sleep protocol 
This research was semi-experimental with two independent occasions which were as follows: the first section is 
control occasion and the other section is experimental occasion with two weeks interval. Protocol of control occasion 
have been exerted for eight hours sleeping and in protocol of experimental occasion after two weeks interval (with 
using games, reading, watching TV and without drinking coffee or tea) sleep deprivation have been exerted for 24-h. 
Furthermore, all of the athletes had been implicated than keeping regular sleep-wake schedules for at least a week 
period before entry into the study. Subjects in control occasion had been waked up at 07:30  AM on the day before and 
following that have been carried out (sleep at 23:30PM- 07:30AM). Aerobic test is taken at 08:00- 08:30 AM. Subjects 
have been waking up at 07:30 (the day before) to the end of aerobic test at 08:30. Figure 1 illustrates changing patterns 
of sleep time. 
 
Figure 1: protocol of control occasion 
 
Figure 2: protocol of experimental occasion with two weeks interval 
 
Subjects have received same recipe and they were deprived from napping, used drug and any heavy activities at 
three days ego. As well as, in the experimental occasion the athletes had been deprived of eat and drink since 24:00pm 
forward. 
Aerobic activity: aerobic activity was performed on bicycle ergometer (Monark E839 made in Sweden) for 30 minutes. 
In this case, the subjects first 10 minutes as a warm-up began with 70 watts and 20 minutes with a steady heart rate of 
70 to 75 percent of maximum heart rate rode. Speed of 60 rpm was riding across activities. In end three minutes of 
warm-up occasion, power added until final minute at the end of the stage to warm up, the heart rate reached 70 to 75 
percent of maximum heart rate. 
Blood sampling  
The blood samples have been collected for three times: a) Pre-test at 08:00AM (on the day before), this section of 
blood sampling were carried out in both of occasions (control and experimental), b) After sleep (control occasion) and 
sleep deprivation (experimental occasion) at 08:00AM, c) After aerobic test (Post-test) at 08:30AM (in both of occasions). 
Thus, in this study, blood samples were measured in both of the control occasion and the experimental occasion for six 
times. Whole blood samples were collected by venepuncture from an antecubital vein (5 ml). Blood samples were 
placed at room temperature (-70) for 30 minutes to be completely clotted and centrifuged to separate serum. Serum IgG 
level  were  measured  by  using  nephelometry  which  is  based  on  the  light  scattering  properties  of  antigen-antibody 
complexes in solution and were used Minineph
TM Human IgG Kit.  
Statistical analyses  
Descriptive statistics were used to calculate the mean and standard deviation. The average and standard deviation 
of data were calculated after checking the data distribution normalcy using Kolmogorov-Smirnov test and two factors of 
variance analyses method and then examined by repeated measures. As well as, changes in serum IgG concentration in 
pre-test and post-test were analyzed by dependent t-test using SPSS 18 software at a levels significantly lower than 0.05 
(P<0.05) was considered.   
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Results 
The results showed that there has not been a meaningful change in IgG levels of athletes during the control 
occasion. Therefore, aerobic activity not significantly effect on Serum IgG concentration (p=0.357) in Table 2. 
Table 2  
Serum IgG concentration (g/l) in pre-test and post-test (control occasion) 
08:00 (pre-test)  08:30 (post-test)  T  P
1 
12.08±2.61  12.55±1.76  -0.970  0.357 
1-The mean difference is significant at the P<0.05 level 
 
According to table 3, 24-h sleep deprivation has been a meaningful change in IgG levels of subjects during the 
experimental occasion. Therefore, aerobic activity had a significant impact on Serum IgG concentration (p=0.035). 
Table 3 
Serum IgG concentration (g/l) in pre-test and post-test (experimental occasion)    
08:00 (pre-test)  08:30 (post-test)  T  P
1 
12.05±2.09  13.57±3.23  -2.476  0.035* 
 
Table 4 and 5 depict there has not been a meaningful change among the effect of sleep deprivation on serum IgG 
levels  responses  to  aerobic  activity  in  athletes  during  both  of  the  occasions  (control  and  experimental). 
 
Table 4 
Concentrations of serum IgG (l/g) at the pre and post test in both of occasions 
  Pre-test  Post-test 
Sleep  11.60±2.174  10.80±1.557 
Sleep deprivation  12.60±2.481  08.85±1.904 
 
Table 5 
Two factors of variance analyses and repeated measure 
  F  P 
Sleep  0.986  0.746 
Sleep deprivation  5.364  0.045 
Sleep × aerobic activity  2.772  0.130 
 
Discussion 
In this study was observed 30 minutes sub maximal aerobic exercise on a bicycle ergometer no significantly 
effect on serum IgG concentration. Generally in exercise immunology, a raise in immunoglobulin level has usually been 
interpreted to represent increased immunity, and a decrease is usually explained as immunosuppression (Mackinnon, 
1999)  [25].  In  this  case,  Poortmans  (1979)  found  a  significant  12%  increase  in  serum  IgG  immediately  after  a 
progressive cycle ergometer test to fatigue (mean duration 21 minutes) [37]. These results are inconsistent with the 
findings of this study that may it was been because of performance style, time during or intensity. Nieman and Nehlsen- 
Cannarella (1991) found that IgG decreased during recovery after a three hour run at marathon, reaching its lowest point 
at one and half hours (27.6 percent) and increasing to baseline concentration 21 hours after exercise [34], Poortmans 
and Haralambie (1979) reported a significant 7% increase in IgG immediately after a 100 km race. In contrast with, 
Israel et al. (1982) reported that 25 hours after a 75 km run at high intensity, IgG was decreased by 22%. Exercise 
induced decreases in IgG have been reported [16]. Mashiko et al. (2004) found a significant decrease in IgG (28%) after 
a  20  day  rugby  exercise,  exercise  six  days  a  week  with  2  hours  a  day  [26].  Results  of  this  study,  however,  is 
approximately consistent with the research of Karacabey et al (2005) that suggesting the no significantly change in the 
level  of  serum  IgG  concentration  after  aerobic  exercise  [18].  As  an  example,  Subjects  in  the  Ganga  study  were 
marathon runners, their mean activity duration was 2.7 hour but activity duration in the present study was 30 minutes. 
As well as, intensity of activity in Ganga study was maximal but intensity of activity in the present study was sub 
maximal (70 to 75 percent of maximum heart rate) [10]. Aerobic activity in Karacabey study was 30 minutes running 
on treadmill with intensity 60 to 70 percent of maximal oxygen uptake that is very similar to the present study in terms 
of intensity and duration [18]. Factors like type, duration, intensity, and program of the exercise and the use of different 
subjects, various complex mechanisms including hormonal, metabolic and psychoneural stress are also known to have 
effects on the immune system and discrepancy between this study and other studies[32]. According to the conducted 
studies, it has been determined that body activities are one of the effective factors in changing of immune system 
process,  which  depends  on  the  intensity,  time,  training  plan,  and  body  athleticism.  This  study  concludes  that  sub 
maximal aerobic activity does not affect on serum IgG concentration. The findings in this study also indicated that sleep 
deprivation have affected on serum IgG concentration while none affect on serum IgG responds to aerobic activity at 
least in same intensity that we employed. The data deriving from the human studies are inconsistent or contradictory [7, 
17]. While it is evident that sleep loss exerts an influence on the immune system [2], it remains unclear whether the 
influence is beneficial or detrimental. The present studies also show that sleep loss influences the measure of cellular  
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immunity and B-cell immunity and alters the nocturnal secretion of the proinflammatory cytokines such as IL-6 [38, 
15]. IgG, IgA and IgM concentrations were found to increase after 24-hour wakefulness [13], Boyum et al showed that 
sleep deprivation decreased the level of human immunoglobulins [4].  We didn't find any study that had been surveyed 
the effect of sleep deprivation on serum IgG responses to exercise and we hadn't resources for comparing this study 
with those as well. However, we concluded that sleep deprivation on serum IgG didn't respond to aerobic activity, 
although probable mechanism the effect of sleep deprivation on immunoglobulins to aerobic activity is still unclear. We 
also concluded that Sleep deprivation increase IgG concentration at 70-75 % HR max. 
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